ABSTRACT The strongly rising prevalence of chronic diseases in most of the developing & developed countries causes major problems in the health systems. High blood cholesterol caused by high fat consumption, hypertension, low physical activity and smoking are the most discussed factors responsible for the high rate of myocardial infraction, stroke, peripheral arterial disease in these countries. This review is to evaluate epidemic relationship between plasma homocysteine and MTHFR gene polymorphism in cardiovascular disease and is based on published data from different parts of world and from Indian sub-continent. Circulating total homocysteine is independent risk factor for various cardiovascular conditions irrespective of ethnicity. Many studies well documented by large scale case-controls. The difference between cases and controls is about 2-5 µmol/L and to quantify small differences, HPLC with fluorescence detection is the best method to assess small differences between cases and controls. MTHFR 677 C-T mutation is not associated with CAD, CVD, CHD and MI patients except in few studies reported from Japanese and Netherlander populations. The data from Indian sub-continent is inadequate to assess these associations.
INTRODUCTION
The strongly rising prevalence of chronic disease in most of the developed and developing countries causes major problems in the health systems. High blood cholesterol caused by high fat consumption, hypertension, low physical activity and smoking are the most discussed factors responsible for the high rate of myocardial infraction, stroke, peripheral arterial disease in these countries.
In 1969, Mc Cully made the clinical observation linking elevated homocysteine concentrations with vascular disease. He reported autopsy evidence of extensive arterial thrombosis and atherosclerosis in two children with elevated plasma homocysteine concentrations and homocysteinuria. On the basis of this observation, he proposed that elevated plasma homocysteine can cause atherosclerotic vascular disease. The term "homocyst(e)ine" is used to define the combined pool of homocysteine, homocysteine mixed disulfides involving homocysteine and homocysteine thio-lactone found in the plasma of patients with hyperhomocysteinemia.
Since 1992, mild elevation in the total homocysteine (tHCY) concentrations have been described as risk factors for arteriosclerosis, venous thrombosis as well as for obstetric complications. Since the mid-eighties, many studies have documented that a moderately elevated plasma homocysteine level is also strong and independent risk factor for atherosclerotic diseases, such as myocardial infraction, stroke or peripheral vascular disease The main objective of the present review was to evaluate epidemic relationship between plasma homocysteine and MTHFR gene polymorphism in cardiovascular disease. The review was based on published data from different parts of world.
METABOLIC BACKGROUND
Homocysteine is a non-protein forming, sulfhydryl-containing amino acid which results from methionine metabolism. Homocysteine is at the intersection of two metabolic pathways, the transsulfuration pathway and the remethylation cycle. Homocysteine is either transsulfurated to cystathionine or remethylated to methionine depending on methionine supplied by diet. In remethylation, HCY acquires a methyl group from 5-methylenetetrahydrofolate (5-MTHF) to form methionine. The reaction occurs in all tissues, is catalyzed by MS and is vitamin B-12 dependent. Alternatively the methyl group is provided by betaine. However, this reaction is confined mainly to the lever and is of less importance. Methionine is transformed to S-adenosyl-methionine (SAM), which serves primarily as a universal methyl donor. In this reaction, S-adenosyl-homocysteine (SAH) is formed and subsequently hydrolyzed to homocysteine. SAH is a potent competitor to SAM as different binding sites and there by can inhibate the methylation. In transsulfuration path way HCY condenses with serine to cystathionine (CYS). This reaction, canalized by Cystathionine beta synthase (CBS), is vitamin B-6 dependent. In secondary option, catalysed by cystathionase, CYS is hydrolyzed to cysteine and alfa keto butyrate. A homocysteine accumulation can be caused either by transsulfuration defects based on Cystathionine beta synthase deficiency or by remethylation defects based on MS deficiency or 5, 10-methylenetetrahydrofolate reductase (MTHFR) deficiency. Additionally, a moderately elevated homocysteine level can also be caused by a shortage of the co-factors vitamin B-6, vitamin B-12, or folic acid (Wolfgang et al. 2001) SAM plays an important role in co-ordinating the regulation of remethylation and transsulfuration. SAM activates the CBS and inhibits the MTHFR reaction which forms 5-MTHF. The utilization of SAM is regulated by glycine-Nmethyl transferase (GNMT), which transfers the methyl group of SAM to glycene to form Nmethyle glycene (sacrosine). This reaction strongly inhibited by 5 MTHF polyglutamates. Genetic and acquired abnormalities in the function of these enzymes or deficiencies in folate or vit B6 or B12 cofactors can therefore lead to elevated concentrations of intracellular homocysteine, which is then released to the plasma.
Measurement of Plasma Homocysteine
The majority of the clinical studies involving homocysteine have relied on the measurement of total homocysteine, which includes homocysteine, mixed disulfides involving homocysteine, homocysteine thiolactone, free homocysteine and protein bound homocysteine. Protein bound (i.e. disulfide linked) homocysteine accounts 70-80 percent of total pool. So far, free homocysteine in plasma has been determined by ion-exchange chromatography using an amino acid analyzer or by HPLC with electro-chemical detection. However these methods have some disadvantages with respect to sensitivity and selectivity. Further these methods neglect the existence of protein bound homocysteine in the plasma.
Recently, a new fluorogenic thiol-specific reagent, ammonium 7-fluorobenzo 2 oxa-1,3 diazole -4 sulfonate ( SBD-F) has been developed for the measurement of biologically important thiols. With this method the derived products are fluorescent and stable for long time and able to detect nanomole concentrations (Araki and Sako 1987) In another review on methodological assessment, the study compared commercially available methods with in house HPLC SBD-F base analysis and concluded that in house HPLC is able to detect minor variability in case controls than other methods (Harry et al. 2000) . The rationale discussing these methods for any case control study required exact measurement because most of the disease cases the difference between case -controls is around 3-5 micromole.
Association between Plasma Homocysteine and Cardiovascular Disease
Starting from 1990's to present the major studies appeared on homocysteine and cardiovascular disease, relating to different clinical conditions, are presented in Table 1 . The main clinical conditions include coronary artery disease (CAD), cerebrovascular disease (CVD), peripheral vascular disease (PVD), myocardial infraction (MI) and coronary heart disease (CHD). Most of these are well defined case-control and nested-case control studies. The main emphasis here is to look at the association of elevated HCY and cardiovascular disease and distribution of mean HCY levels in case controls.
There are 20-25 important studies which were validated for the association of HCY and vascular diseases. It is interesting to discuss in detail a few studies shown in the Table 1. In 1991 Taylor et al. carried out a case control study of 214 patients with clinical symptoms for arterial occlusive disease, stroke, cerebral transient ischemic attacks and cerebral vascular disease. The study concluded that elevated HCY is associated with progression of lower extremity, coronary artery disease and cerebrovascular disease. In this study they have used in house HPLC method to estimate homocysteine. The reported levels of HCY in cases and controls were 14.37 and 10.10 µmol/L respectively.
In 1992, Stampfer et al. carried out a prospective US physicians' health study by recruiting 14 916 male physicians with no history of MI or stroke, were followed up to 5 years. Initially all these physicians were recorded baseline homocysteine. After 5 years follow up 271 were developed myocardial infractions and their blood was analyzed for homocysteine with appropriate controls. The high levels of homocysteine were associated with MI and it is an independent risk for MI than for other coronary diseases. These findings were supported by Arnesen et al. 1995 in a prospective Tromso study. Similar results were reported by Alfthan et al. (1994) . In a recent study Bonaa et al. (2006) reported a harmful effect from combined vitamin-B treatment for lowering the elevated homocysteine in 3749 acute myocardial infraction patients.
In 1994 Verhoef et al. carried out a doubleblind placebo control study of 22,071 US male physicians with no history of stroke, ischemic attack, and MI. After 5 year follow-up 109 developed ischemic stroke. This study concluded that elevated homocysteine is not an independent risk factor for stroke.
In 1997, Graham et al. measured plasma homocysteine in 750 cases with clinical conditions for atherosclerotic vascular disease cardiac, cerebral, peripheral disease and 800 control samples of both the sexes and concluded that elevated homocysteine is an independent risk factor as other factors like smoking and hyperlipidimia. In another but prospective study involving 587 angiographically proven CAD patients Nygard et al. (1997) reported association with elevated homocysteine. Interestingly, Homocysteine level, more than 15 µmol/L, is a strong predictor of mortality in these groups of patients.
In a British Regional cohort study Perry et al. (1995) randomly selected patients from general practice centers of 18 towns and were followed up with initially normal homocysteine levels. Patients who developed stroke after follow up were checked for HCY and concluded that elevated HCY in this group of patients is a strong independent risk factor for stroke. Refsum et al. 2006 in a recent "Hordaland Homocysteine study", a community based 5 years follow-up study of homocysteine and its determinant factors, showed that increased HCY is associated with multiple clinical conditions including cardiovascular mortality.
In a Korean population based coronary artery disease patient study, Yoo et al. (1999) reported that elevated homocysteine was not only an independent risk factor for the occurrence of CAD but also a significant predictor of triple vessel disease in CAD patients.
Zee et al. (2007) reported a US based study of comprehensive and simultaneous assessment of risk factors-dietary intake, plasma homocysteine, and MTHFR genotype status-in relation to the incidence CVD in the same study population. This study, which is the largest to date that has examined these simultaneously measured risk factors, concluded that the baseline plasma homocysteine was associated with the incidence of CVD, but this association was weakened and became non-significant after adjustment for cardiovascular risk factors and socioeconomic status. Stehouwer et al. (1998) up study of Zutphen elderly men for 10 years and reported that high levels of homocysteine were associated with an increased risk of dying from coronary heart disease but not with an increased risk of MI.
Association of 677 C-T MTHFR Gene Polymorphism and Cardiovascular Diseases
The enzyme 5, 10-methylenetetrahydrofolate reductase (MTHFR) catalyzes the conversion of 5, 10 methylenetetrahydrofolate to 5-methyltetrahydrofolate and this enzyme represents a major enzyme in the folate-dependent regulation of methionine and homocysteine concentration in the circulation. The human gene has been mapped to chromosomal region 1p36.3. A human genomic clone (17 kb) was found to contain the entire cDNA sequence of 2.2 kb; there were 11 exons ranging in size from 102 bp to 432 bp. Intron sizes ranged from 250 bp to 1.5 kb with one exception of 4.2 kb.
Currently, a total of 41 rare but deleterious mutations and about 60 polymorphisms have been reported. More than fifteen mutations have been identified in relation to the enzyme activity of the MTHFR gene: 14 rare mutations associated with severe enzymatic deficiency and the common 677 C-T polymorphism (ds SNP ID: rs1801133) associated with a milder deficiency. The 677 C-T common polymorphism converts alanine to a valine at position 222 and its reduced specific activity and increased thermolability caused by mildly elevated homocysteine has been implicated in complex and multifactorial diseases: occlusive vascular disease, neural tube defects, and colon cancer etc. In the present review we summarize the state of relevant findings of this common mutation in cardiovascular disease from different parts of the world.
Several studies have evaluated the association between mutant genotypes (CT/TT) and the presence of cardiovascular disease. The important and similar data available from studies and presented similarly non-significant differences in mutant allele frequency between cases and controls (0.43 against 0.44). There were two studies from Netherlands on CAD and MI patients and the results from these studies were also not significant. Interestingly, the studies reported on Japanese population: Ou (1998) on CHD, Morita (1997) on CAD and Izumi (1996) on MI showed significant differences between cases and controls. Similarly, two other studies from Netherland (Kluijtmas 1996, 1997) on CAD and CVD and one more from Ireland (Gallagher1996) on MI reported significant differences.
Studies from the Indian Sub-continent
There are a few studies available from the Indian sub-continent on homocysteinemia and MTHFR polymorphism although these data (Table 3) were not uniform. Nevertheless, Kalita et al. (2006) Patel et al. (2006) conducted a well designed case-control study to estimate excess risk of cardiovascular disease among the immigrant Gujaratis in UK verses the Gujaratis living in India. The reported mean HCY in the immigrant Men and women in UK was 10.4 and 8.7 µmol/L, respectively, against 16.9 and 12.9 µmo/L found for their counterparts in India. In another study, Kumar et al. (2005) reported the distribution of HCY in vegetarian and non-vegetarian populations along with MTHFR genotypes. The mean HCY in Vegetarian and non-vegetarian population was 14.6 and 13.3 µmol/L, respectively. The MTHFR genotypes were reported to be the following: wild type CC 147 and mutant heterozygote CT: 49 and mutant homozygote TT: 6. Misra (2002) reported HCY levels in a group living in urban slum area (Group-1) and in another group of healthy individuals living in the surroundings as controls (Group-2). The serum HCY was measured using ELISA kit and the mean HCY was reported to be 23.2 micromoles/ L in cases and 20.8 in controls, the mean difference being statistically non-significant.
DISCUSSION

Circulating Homocysteine and Cardiovascular Disease
Interest in the prognostic value of the association between circulating HCY and disease continues to grow. There is already a large body of evidence indicating that the elevated plasma HCY was related to risk of coronary, cerebral and peripheral arterial disease. Based on their research findings, Vollset et al. (2000) reported that hyperhomocysteinemia might also be an important biological marker for, and possibly even a cause of or contributor to, complications and adverse outcome of pregnancy and cancer.
The established (George et al. 1998; Kang et al. 1992) . The normal range of homocysteine is population specific and is required to establish normal range for a population in order to under stand the disease pathology of the cases. Further, the distribution of HCY in males and females is significantly different.
It is evident from Table 1 that the multiple prospective and case-control studies have shown that a mild elevated level of circulating homocysteine is an independent risk factor for vascular disease. Most of the studies with multiple cardiovascular conditions consistently show higher level of homocysteine in cases than in controls suggesting that homocysteine promotes cardiovascular disease conditions through variety of mechanisms. An overall assessment of the epidemiology association studies indicates that 2-5 m mol/L-increased levels of homocysteine are capable of developing cardiovascular problems.
MTHFR 677 C-T Polymorphism and Cardiovascular Disease
Several studies have evaluated the association between mutant genotype and cardiovascular problem and most of these studies yielded negative results as shown in Table 2 . There were two studies from Netherlands reported by Kluijtmans et al. (1996 Kluijtmans et al. ( , 1997 who performed a meta-analysis combining data from eight studies, revealing an increased risk for CAD of borderline significance. However, the definition of the CAD was as a history of MI rather than CAD on angiography.
The allele frequency of this mutation is comparable in all the studied populations with little differences except for the Korean Population. The distribution was in Hardy-Weinberg equilibrium. These results suggest that this mutation is highly prevalent across the ethnic groups and can be regarded as a balanced polymorphism that escaped from natural selection through the long history of humanity. Such a polymorphism does not usually cause a serious lethal disorder as a single factor.
The pooled t-allele frequency of various cardiovascular conditions for each country and for cases and controls were graphically presented in the Figure 1 . Pooled data of different studies of various cardiovascular conditions for each country suggest that the highest incidence of mutant allele was recorded for Korean populations followed by the Japanese. The lowest mutant allele frequency is reported among Thailand population followed by the Indian populations. To address the problem of lowest frequency among Indian and Thai populations at this point there are no well designed casecontrol or nested-control studies with power calculation for sample size.
Perspectives and Future Directions Pertaining to the Indian Populations
The populations of the Indian subcontinent is more than a billion comprising of 4693 communities with several thousands of well defined endogamous groups, 325 functional languages and 25 scripts. The data from the Indian sub continent is too inadequate; there is no well designed case-control or population based study. For example, the normal ranges of homocysteine are to some-extent dependent on nutritional status. The diet consumption in different region is unique and interesting for studying homocysteine associated diseases. It is also important to study the population specific incidence of MTHFR 677 C-T polymorphisms since it has the reduced enzyme activity.
CONCLUSION
Circulating total homocysteine is independent risk factor for various cardiovascular conditions irrespective of ethnicity. The difference between cases and controls is about 2-5 µmol/L and to quantify small differences, HPLC with fluorescence detection is the best method to assess small differences between cases and controls. MTHFR 677 C-T mutation is not associated with cardiovascular disease except in two studies reported from the Japanese and Netherlandish populations.
